Abstract. Pea cotyledonary a-amylase increases dramaticallv both in specific activity and total activity between days 7 to 10 when germination occurs in the dark. This enzymatic activity does not seem to appear as a consequence of release or formation of an activator, removal of an inhibitor, dissociation of an inactive amylase complex, or proteolytic decomposition of a zymogen precursor. The possibility remains that the a-amylase is newly synthesized during germination. The preparation and properties of a cell-free protein-synthesizing system from germinating pea cotyledons is described; polyuridylic acid must be added for L-phenylalanine incorporation. Active microsomal preparations can be obtained from cotyledons germinated 10 days.
Seed germination is frequently accompanied bv marked increases in the level of activity of certain enzymes (3, 4, 12, 17, 23, 32) . It has been noted that these often dramatic increases in biocatalytic activity are not necessarily associated only with those parts of the seedling that are actively growing. Rather. the same phenomenon is also observed in the storage tissues of the endosperm or cotyledon (4, 17, 32) .
We showed in previous reports ' (25, 26 ) that a number of enzvmes required for the degradation of seed carbohydrate reserves are present in the cotvledon of the germinating pea, and at least 2 of these enzymes, an a-amylase and a phosphorylase. increase manyfold in total activity during the time period of germination. Since, in many instances, the cells of plant storage organs neither grow nor divide, the question arises as to what the origin of such new enzymatic activities mlay be. Other workers dernonstrated that activation of latent enzyme occurs in the case of the ,-amylase of wheat (21, 22) , zymogen activation causes an increase in acid phosphatase and isocitritase activiti-es of a variety of seeds (17) , whereas isocitritase (6, 10) . malate synthetase (10) , tyramine methylpherase (12) , and barley a-amvlase (5, 28) increase in activity as a result of de novo enzyme synthesis.
We report here studies which show that cotvledonary a-amylase of peas most likely does not appear during germination as a consequence of the formation or release of a specific activator, the removal of an inhibitor, or the activation of a latent form (or zymogen precursor) of the enzyme. The possibility that the enzyme is newly synthesized is not eliminated.
A cell-free protein-synthesizing system from the cotyledons of germinating peas has been prepared and its properties determined. A catalytically-active microsomal fraction can be prepared from cotyledons at a time during germination when the level of oa-amvlase activity is rapidlv increasilng. 
Results
A quantitative measure of the increase in cotvledonarv a-amvlase activity, both in etiolated seedlings and in seedlings grow\Jn in a normal dav-night cycle, is shown in Fig. 1 .
Test for an, Activzator or Inhibitor. Partially purified a-amylase, specific activity 126 (25) , was added to extracts prepared from cotyledons germinatedI 1, 3, anid 8 days ( A, B, and C, respectively). Cotyledoon extracts were prepared as described before (25) . After 0.03 ml of the partially purified enzyme was added to the cotyledon extract, the mixture was incubated for 30 min at 25°before the amylase assay was performed.
'Units e-amylase Extracts used for protease digestion were made from cotyledons germinated for 2 or 3 days (25) . Similar extracts were prepared from cotyledons germinated for 8, 9, and 11 days, which extracts served as controls for measuring the stability of the amylase to the protease under the conditions employed. Incubation mixtures contained 2 ml of extract and these amounts of protease preparations: bromelain, 1 mg; ficin, 1 mg; pronase, 1.2 mg; papain, 1.2 mg; trypsin, 2 mg; a-chymotrypsin, 2 mg; pea cotyledon protease, 13.6 mg of protein. All mixtures were incubated for 12 hr at 320; zero-time controls were frozen immediately after adding protease. At the end of 12 hr, 1 ml of each incubation mixture was added to 1 ml of 15 % (w/v) trichloroacetic acid solution. After centrifugation, the absorbancy and the protein content of the supernatant fluids were (letermined. clearly demonstrate that the observed incorporatioii of L-(14C)phenylalanine and L-,(14C)leucine into aminoacyl sRNA is additive, and that the presence of unlabeled L-phenvlalanine in the reaction mixture has no effect on the formation of (14C)leucyl sRNA. Fig. 2A demonstrates proportionality of the amino acid activating system with amotunt of sRNA added before the system becomes saturated with this component; 2B, the effect of added protein in the form of 100,OOOg supernatant fluid; 2C, the time course of aminoacyl sRNA formation. (25 ml) containing the amino acid analog was aclded at day 8. Control seedlings received only H2O. Experiment 2) The amount of amino acid analog or inhibitor indicated was dissolved in water and allowed to imbibe completely into dry seeds over a period of 18 hr with subsequent addition of niore water as necessary to keep the seeds moist. These seeds wvere then germinated for 7days. Cotyledon extracts were prepared in the usual manner (25r). When tris-HCl buffer replaced potassium phosphate in the preparation of extracts and reaction mixtures, the incorporation of labeled amino acid into trichloroacetic acid-insoluble material was routinely observed (table V) . Puromycin and ribonuclease are potent inhibitors. The time course of L-phenylalanine incorporation into protein is shown in figure 3A ; approximately 0.5 mg of microsomal protein is required to saturate this system (Fig. 3B) . The amino acid incorporating system from pea cotyledons described here does not show a requirement for added 100,000g supernatant fluid when tested under the conditions outlined in table V. Presumably, formation of aminoacyl sRNA is accomplished by enzymes in the supernatant fluid that adhere to the microsomal pellet. When, however, the microsomal pellet obtained from the initial 100,00Og centrifugation is washed, the system shows a definite requirement for the supernatant fraction (table VI). The complete protein-synthesizing system is capable, therefore, of being resolved into 2 Table VI 5) This resiult is significanIt in view of the fact thlat thle level of a-mllalase is still rapidly increasin,g in cotvledonls of this age ( see Fig. 1 32) aind have been suggested as a uiseful biological system for studying celluilar seniescence processes (27) . AltlhouIgh cell-free protein synthesis has been observed in pea seedling extracts by otlher Nworkers ( 18, 29, 30) , the systems, previously described used cell fractions from those ))Mrts of the plant that remained after excision of the cotyledons; unfortunately, results obtained wvith these systems have not been repro(lucible (8, 9, 31 3A) , does not increacse inidefinitel bhut reaches a finite level after at period of tinme.
The cell-free amino-acid incorporating systemi fromii pea cotyledons always requires the addition of l)olyuridylic acid p)eantut cotyledon l)rel)arations show this requirement only before imbibition of water 1w the seed (13, 14) . This difference is most likelv due to significant ribonuclease activity in pea cotyledon extracts; w\e showed in separate experiments that our extracts readily degraded sodiunm ribonutcleate to an acid-soluble ultraviolet-absorbing form [assav of McDonald (15) ]. The absolute requirement of the system fronm peas for added sRNA (table IV and V) can be explained on the same basis.
Furthermore, we couild not detect by sucrose density gradient centrifugation (14) any polyribosomes in w\aslhed microsomes lprepared from gernminated pea cotyledons. Secondly, the presence of nucleoside triphosphatases in pea cotyledon preparations (20) nmakes the requirement for added GTP more demonistrable ill this inst.ance ( table V) than Withl thle analogous amino acid incorporating systemii froimi peanuts.
In coInclusioil, it slhould be noted that somie enzvniatic activities present in germinating seeds do.
indeed, appear to be derived by modification of an inactive or zymogen-like precursor (17, 21) . The demonistration, however, that protein synthesis occurs in the cotyledon at a time when the levels of certain enzymes are increasing dramatically in activity is consistent with the possibility that some enzymatically-active proteins are also synthesized de nzovo during seed germiniation. Varner 
